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A B S T R A C T
We report on the properties of 71 known cataclysm ic variables (CVs) in photom et­
ric H a  emission line surveys. O ur study  is m otivated by the fact th a t the Isaac Newton 
Telescope (INT) Photom etric H a  Survey of the  northern  galactic plane (IPHAS) will 
soon provide r ' , i' and narrow -band H a  m easurem ents down to  r '  ~  20 for all northern  
objects between —5o <  b < + 5 o. IPHAS thus provides a unique resource, b o th  for 
studying the emission line properties of known CVs and for constructing  a new CV 
sample selected solely on the basis of H a  excess. O ur goal here is to  carry  out the first 
task  and prepare the way for the  second. In order to  achieve this, we analyze d a ta  on 
19 CVs already contained in the IPH A S d a ta  base and supplem ent this w ith identical 
observations of 52 CVs outside the galactic plane.
O ur key results are as follows: (i) the  recovery ra te  of known CVs as H a  em itters 
in a survey like IPHAS is ~  70 per cent; (ii) of the  ~  30 per cent of CVs which were 
not recovered ~  75 per cent were clearly detected  bu t did not exhibit a significant H a  
excess a t the tim e of our observations; (iii) the  recovery ra te  depends only weakly on 
CV type; (iv) the recovery ra te  depends only weakly on orbital period; (v) short-period 
dw arf novae tend  to  have the strongest H a  lines. These results im ply th a t photom etric 
emission line searches provide an efficient way of constructing  CV samples th a t are 
not biased against detection of intrinsically faint, short-period systems.
K e y  w ords: surveys -  binaries: close -  novae, cataclysm ic variables
1 I N T R O D U C T I O N
C ataclysm ic variables (CVs) are in te rac ting  b inary  system s 
in w hich a w hite dw arf (W D ) p rim ary  accretes m a tte r  from 
a m ain-sequence secondary  v ia  R oche lobe overflow. If  th e  
m agnetic field of th e  W D  is dynam ically  u n im p o rtan t, th e  
accretion  process takes place entirely  v ia  a disc su rround ing  
th e  W D . By co n trast, if th e  m agnetic  field is very strong , th e  
accretion  stream  from  th e  secondary  is channelled  d irectly  
onto  th e  m agnetic  poles of th e  W D . Finally , in  th e  in te rm e­
d ia te  range of field s tren g th s , a  p a rtia l disc m ay form  th a t 
is tru n c a te d  on th e  inside by th e  W D  m agnetic  field.
A n  observational fea tu re  th a t  is com m on to  all of these 
different accretion  m odes are (B alm er) em ission lines. In  
w eakly-m agnetic CVs, th e  observed line em ission m ay orig­
in a te  from  optically  th in  or irrad ia ted  p a rts  of th e  accretion  
disc (W illiam s 1980). In  m agnetic  CVs, line em ission m ay 
be p roduced  in  th e  accretion  stream , any residual accre­
tion  disc, or in  th e  so-called accretion  cu rta in s  th a t  chan­
nel m ate ria l from  th e  inner edge of a tru n c a te d  disc to  th e
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m agnetic  poles of th e  W D . T he  irrad ia ted  secondary  s ta r  
in  C V s can  also co n trib u te  an  appreciab le  co n trib u tio n  to  
th e  observed line em ission, particu la rly  in  polars. W arner 
(1995) provides a com prehensive review  of CVs, including 
th e ir  spectroscopic p roperties.
G iven th e  u b iqu ity  of line em ission am ongst CVs, em is­
sion line surveys offer a  pow erful way to  find new  C V s (for 
a cu rren t exam ple of such a CV search, see Gansicke e t al. 
2002 and  A ungw erojw it e t al. 2005). W h a t m akes th is  s t r a t ­
egy particu la rly  prom ising is th a t ,  em pirically, th e  in trin ­
sically fa in test, low m ass tran sfe r ra te  (M )  system s ten d  
to  have th e  largest B alm er line equivalent w id ths (EW s; 
P a tte rso n  1984). P o p u la tio n  synthesis m odels suggest th a t  
such low accretion  ra te  system s should to ta lly  dom inate  
th e  galactic CV p o p u la tion  and  should be found p redom i­
n an tly  a t sho rt o rb ita l periods, th a t  is below th e  well-known 
C V  “period  gap” betw een 2.2 h rs and  2.8 h rs (K olb 1993; 
Howell e t al. 1997). However, th is  dom inan t p o p u la tion  of 
fa in t, sho rt-period  C V s has proven qu ite  elusive, and  it is 
still no t clear w hether th is  is due to  selection effects or 
w hether it po in ts to  a serious flaw in  our und ers tan d in g  
of CV evolution. Since em ission line surveys should  be very 
good a t finding low M  CVs, th ey  should  be  an  excellent way 
of d e tec ting  th e  large p o p u la tion  of fain t, sho rt-period  CVs, 
if it  exists.
T he  IN T /W F C  P h o to m etric  H a  Survey of th e  n o rth ­
ern  galactic p lane (IPH A S) is cu rren tly  surveying th e  M ilky 
W ay in  r '  ,i' and  H a  and  provides an  excellent d a ta  base for 
a  de ta iled  CV search a t low galactic la titudes. T he  survey 
goes to  a  d e p th  of r '  ~  20 and  covers th e  la titu d e  range 
— 5o < b < + 5 o. A deta iled  in tro d u c tio n  to  th e  survey is 
given by D rew  e t al. (2005).
In  th is paper, we investigate  th e  p ropertie s  of th e  know n 
p o p u la tion  of C V s th a t  have been  observed by IPH A S, sup ­
p lem ented  w ith  ad d itiona l observations of C V s ou ts ide  th e  
galactic p lane w ith  th e  IPH A S set-up . Such a  s tu d y  is use­
ful for tw o m ain  reasons. F irs t, it allows us to  de term ine  th e  
recovery ra te  of CVs as H a  em itte rs  as a function  of CV sub ­
class, o rb ita l period  and  ap p aren t m agn itude . T hese recov­
ery ra te s  effectively specify th e  com pleteness of th e  survey 
w ith  respect to  CVs, w hich is crucial for th e  in te rp re ta tio n  of 
th e  new  CV sam ple th a t  is cu rren tly  being co nstruc ted  based 
on IPH A S d a ta . Second, th e  existence of a  large, uniform  
sam ple of b road- and  narrow -band  m agn itudes for know n 
CVs allows us to  check for and  u p d a te  correlations betw een 
key observables (for exam ple H a  excess) and  in trinsic  CV 
p aram eters  (for exam ple o rb ita l period  and  abso lu te  m agni­
tude).
T he  s tru c tu re  of th is p ap e r is as follows. Section 2 d is­
cusses th e  observations ob ta ined . Section 3 discusses th e  
two CV sam ples analysed in  th e  p ap er and  how th ey  have 
been  observed. T he  techniques for selecting C V s from  pho­
tom etric  d a ta  are p resen ted  in  section  4. In  section  5, we 
presen t and  discuss our estim ates  for C V  recovery /de tec tion  
ra te s  w ith  IPH A S-like em ission line surveys. In  section  6 , 
we consider correlations betw een key observables and  sys­
tem  param eters. O ur findings are discussed in  section  7 , 
focusing particu la rly  on th e  ability  of IPH A S to  uncover th e  
long-sought p o p u la tion  of fa in t, sho rt-period  CVs. W e sum ­
m arize ou r conclusions in  section  8.
2 O B S E R V A T IO N S
O ur s tu d y  relies on tw o observational d a ta  sets. T he  first 
is com posed of th e  IPH A S galactic p lane observations th a t 
were com pleted  u p  to  and  including Ju ly  2004; th is  am ounts 
to  ab o u t 1 /3  of th e  final survey area. T he  second consists 
of a series of im aging observations o b ta ined  in  Ju n e  2004 of 
n o rth e rn  CVs w ith  galactic la titu d es  |b| >  5o. B o th  d a tase ts  
were ob ta ined  w ith  th e  sam e in s tru m en ta l se t-up  and  ob­
serving stra tegy , and  b o th  were reduced  w ith  th e  s tan d a rd  
IPH A S pipeline.
Full de tails of th e  IPH A S observing s tra teg y  and  reduc­
tio n  p rocedures m ay be found in  D rew  e t al. (2005). Briefly, 
all observations were ob ta ined  using th e  W ide F ield  C am ­
era  (W FC ) on th e  Isaac N ew ton Telescope, w hich gives a 
sp a tia l pixel size of 0 .333 ''x  0.333'' over a field of view of 
approx im ate ly  0.3 square degrees. P h o to m etry  was carried  
o u t using a  set of th ree  filters, com prising a narrow band  H a  
filter and  an  add itiona l set of two b ro ad b an d  Sloan r ' and  i ' 
filters. E xposure tim es were 120s for th e  H a  im ages, 10s for 
th e  i ' b an d  im ages, and  10s [30s] seconds for all r '  b an d  im ­
ages ob ta ined  before [after] Ju n e  2004. F ind ing  ch arts  from  
Downes e t al. (2001) were used to  identify  th e  C V s in  our 
im ages.
T he  final IPH A S d a ta  base will con ta in  only observa­
tions th a t  m eet a s tr ic t set of quality  constra in ts. However, 
in  o rder to  avoid res tric tin g  our CV sam ple too  m uch in th e  
presen t analysis, we d id  no t lim it ourselves to  fields th a t  have 
passed  th e  IPH A S quality  controls. In s tead , for each CV, we 
sim ply took  th e  d a ta  from  th e  best available set of obser- 
va tions.1. T hus som e of th e  d a ta  analysed here will n o t be 
included  in  th e  final pub lished  survey catalogues. Instances 
in  w hich th e  d a ta  quality  of a  field was below th e  nom inal 
lim its will be  ind ica ted  explicitly. However, ou r resu lts  from  
these  fields are consisten t w ith  th e  resu lts  from  fields w ith  
d a ta  quality  th a t  passes th e  IPH A S quality  controls.
We finally no te  th a t ,  in  all of our analysis below, we 
only w ork w ith  sources b righ te r th a n  a pre-defined m agni­
tu d e  lim it of r '  =  19.5. In  principle, IPH A S goes som ew hat 
deeper th a n  th is , to  ab o u t r '  ~  20. However, th e  increased 
pho tom etric  s c a tte r  exh ib ited  by th e  very fa in test sources 
m akes it coun ter-p roductive  to  include these sources in  our 
selection algo rithm  (see Section 4 ) .
3 C O N S T R U C T I O N  O F  C V  S A M P L E S
A s no ted  above, th e  d a ta  we use in  our s tu d y  come from  two 
d is tin c t sources. T he  first is th e  s ta n d a rd  IPH A S da tabase , 
th e  second is a  set of observations of C V s a t h igher galac­
tic  la titu d es  observed w ith  th e  IPH A S set-up . T he  m ajo rity  
o f th e  fields in  th e  second d a ta  set exh ib it a  significantly 
lower ob jec t density  th a n  th e  IPH A S fields. T h is  m ay be 
expected  to  affect CV recovery ra tes, and  we therefore  re­
ta in  th e  d is tinc tion  betw een In -P lan e  and  O ff-P lane sam ples 
in  our study.
1 Note th a t a given CV can be present in multiple IPHAS point­
ings because (i) most locations are observed a t least twice with 
the IPHAS tiling pattern, and (ii) poor quality observations may 
already have been repeated.
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3 .1  T h e  I n -P la n e  C V  S a m p le
A dop ting  a  lim iting  m agn itude  of r ' =  19.5 th e  IPH A S 
im aging d a tab a se  as of Ju ly  2004 con ta ins 19 know n c a t­
aclysm ic variab les2 listed  in  th e  R itte r  & K olb catalogue 
(R itte r  & K olb 2003)3. W e ex trac ted  s ta n d a rd  IPH A S c a t­
alogues, con tain ing  ob jec t positions and  m agn itudes, for all 
of th e  IPH A S fields th a t  include these CVs. As no ted  above, 
w hen m ultip le  observations were available for a  given CV, 
we always worked w ith  d a ta  from  th e  field observed u nder 
th e  best conditions. In fo rm ation  and  d a ta  on each C V  in  th e  
sam ple are listed  in  T able 2. T h is  includes a flag to  m ark  
d a ta  th a t  were ex trac ted  from  fields th a t  do n o t m eet th e  
nom inal IPH A S quality  thresholds.
3 .2  T h e  O ff-P la n e  C V  S a m p le
T he ta rg e ts  for off-galactic-plane (|b| >  5o) observations 
w ere again  chosen from  R itte r  & K olb (2003), w ith  th e  m ain  
ad d itiona l co n stra in t being th a t  th e  ta rg e t should be observ­
able in  Ju n e  2004. A sam ple of 52 O ff-Plane CVs tu rn e d  ou t 
to  satisfy our m agn itude  lim it of r '  <  19.5. T he  IPH A S 
pipeline-reduced d a ta  were ex trac ted  in  exactly  th e  sam e 
way as for th e  In -P lan e  CVs.
O ne ta rg e t, th e  dw arf nova (DN) IY  U M a, deserves ad ­
d itiona l com m ent. I t  was found to  have a fain t close com ­
pan ion  w hich is n o t identified in  th e  finding ch a rts  and  has 
n o t been  previously described in  lite ra tu re . In  th e  r ' band , 
th e  fain t com panion has a m agn itude  of 19.27 m ag and  is 
sep a ra ted  from  IY  U M a by 3.5 arcsec. T he  fain t com pan­
ion has resu lted  in  IY  U M a being de tec ted  as an  unresolved 
b lend  in  th e  i ' b an d , w hich m akes th e  i ' b an d  m agn itude  
unreliab le  in  th is  case.
4 S E L E C T IN G  H a  E X C E S S  O B J E C T S
W e have developed a  system atic  selection algo rithm  to  iden­
tify  H a  excess outliers (and hence likely em ission line ob ­
jec ts) from  r ' — H a  vs r ' — i ' colour-colour p lo ts of in ­
d iv idual fields. T he  selection process does n o t requ ire  user 
in te rven tion  and  allows us to  sep a ra te  th e  CVs in to  those 
th a t  show clear H a  em ission and  those th a t  do no t. We can 
th e n  use th is  in fo rm ation  to  te s t for s ta tis tic a l com pleteness 
and  selection biases in  sam ples of CVs co nstruc ted  solely on 
th e  basis of pho tom etric  H a  excess. In  th e  following subsec­
tions, we describe th e  sequence of step s used by our selection 
algo rithm  to  identify  likely em ission line sources.
4 .1  In it ia l S e le c t io n  C u ts
T he first step  in  our selection p rocedure is to  apply  th e  fol­
lowing c rite ria  to  all ob jec ts in  th e  cata log for each field 
in  th e  IPH A S da tabase . F irs t, ob jects m ust be  de tec ted  in  
all th ree  pho tom etric  bands and  m ust n o t fall on bad  p ix ­
els of th e  C CD s. Second, th e  ob jec ts m ust have positions in
2 Note th a t we omit the double-degenerate AM CVn systems 
from consideration; these He-rich systems belong to  a different 
evolutionary channel and are not expected to show H a emission.
3 The R itter & Kolb catalogue is available online at 
http: / /physics.open.ac.uk/RKcat.
th e  th ree  pho tom etric  b an d s th a t  m a tch  to  w ith in  1 arcsec. 
T h ird , ob jec ts m ust be classified as “s te lla r” in  th e  i ' band , 
and  “ste llar” or “p robab ly  s te lla r” in  th e  r '  and  H a  bands. 
W e allow “p robab ly  s te lla r” classification in  r ' and  H a  to  
avoid excluding s ta rs  su rrounded  by ex tended  H a  nebu lar 
em ission. T h is  p reven ts th e  rem oval of C V s w ith  nova shells 
(for exam ple T  A ur in  ou r In -P lane  sam ple).
4 .2  L o c a t in g  th e  M a in  S te lla r  L o cu s
O bjec ts  surviving th e  in itia l cu ts  are th e n  sub jec ted  to  an  i t ­
era tive  selection a lgorithm  (illu stra ted  in  Fig. 1 ). F irs t, they  
are d iv ided  in to  four m agn itude  b ins, based  on th e ir  r ' b and  
m agnitudes. N ext r ' — H a  versus r ' — i ' colour-colour 
p lo ts are crea ted  for each m agn itude  b in  in  each field.
We n ex t carry  ou t an  in itia l s tra ig h t line least squares 
fit to  th e  ob jec ts in  each m agn itude  bin. O b jec ts w ith  strong  
H a  em ission lines should exh ib it an  excess in  r ' — H a  and  
will therefore  generally be  located  above th e  m ain  stellar 
loci in  th e  p lots. T he  least squares fit is an  in itia l a tte m p t 
to  fit th e  m ain  ste llar loci, and  so we expect H a  em itte rs 
to  reside above th e  fit in  th e  p lo t. For fields w ith  low num ­
b er density , w hich includes th e  m ajo rity  of fields ou tside th e  
galactic p lane, th is  in itia l fit to  all ob jec ts often  w orks well. 
However, in  fields w ith  h igher num ber densities, th e  ste l­
la r locus o ften  sp lits due to  th e  presence of different ste llar 
popu la tions (g iants and  dw arfs) and  different reddening  val­
ues (see D rew  e t al. 2005 for a de ta iled  exp lana tion ). T he 
key p o in t for ou r pu rposes is th a t  th e  u p p e r locus of po in ts 
in  th e  colour-colour p lo ts o ften  ru n s above th e  in itia l least 
squares fit in  fields dom inated  by m ore d is ta n t/h ig h ly  red ­
dened popu la tion . T h u s a selection crite rion  based solely on 
an  o b je c t’s position  re lative to  ou r in itia l fit w ould resu lt in  
th e  erroneous selection of m any  o rd inary  la te -ty p e  u n red ­
dened m ain-sequence s ta rs  w hich reside in  th e  u p p e r locus 
of points.
4 .3  Id e n t ify in g  T h e  U p p e r  B o u n d a r y  o f  th e  M a in  
S te lla r  L o cu s
In  o rder to  p reven t th e  selection of un reddened  ob jects w ith  
no H a  em ission, we use an  ite ra tive  a -c lipp ing  technique to  
force th e  fit onto  th e  u p p e r b o u n d ary  of th e  m ain  stellar 
locus. T he  fact th a t  th e  un reddened  ob jec ts reside a t th e  
to p  of th e  m ain  ste llar loci is used in our techn ique to  ex­
clude g radually  po in ts  below th e  in itia l fit line in  subsequent 
ite ra tions. In  p ractice, we use four ite ra tio n s  to  arrive a t a 
final b e s t-b e t fit to  th e  th e  u p p e r b o u n d ary  of th e  m ain  ste l­
la r locus. T he  final ite ra tio n  is used to  give precedence to  
ob jec ts th a t  are well sep a ra ted  from  th e  in itia l fit (w ith in  
reasonable  lim its) ra th e r  th a n  those  ob jec ts th a t  lie in  th e  
regions w here th e  u p p er b o u n d ary  of th e  m ain  ste llar locus 
is no longer clearly sep a ra ted  from  th e  lower regions of th e  
m ain  ste llar locus.
However, th is  final fit m ay n o t always be  app rop ria te , 
such as in  fields w here th e  ste llar locus is no t ac tua lly  split. 
In  these cases, th e  g rad ien t of th e  u p p er b o u n d ary  of th e  
m ain  ste llar locus fit o ften  m atches closely w ith  th e  in itia l 
least squares fit or exh ib its a nonphysically  large slope. If 
e ither of these  conditions is m et, th e  selection of H a  em itte rs 
is based on th e  in itia l fit; in  all o th er cases, th e  final fit is
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F ig u re  1. An illustration of the selection criteria used to  identify strong emission line objects on colour-colour diagrams. The data 
shown here are all from the IPHAS field 5455 which surrounds the bright dwarf nova EY Cyg. First, the data  are split up into four 
magnitude bins, as shown in the four panels. Objects with H a excess should be located near the top of a colour-colour diagram. The 
thick lines illustrate the fits to  the data, and the thin lines illustrate the corresponding cuts used to  single out clear H a emitters. The 
solid lines show the original least squares fit to  the full dataset, along with the corresponding selection cut. The dashed lines show the 
final fit and cut lines, obtained by applying an iterative r-clipping techniques to  the initial fit. The goal of the r-clipping is to  fit only the 
the upper boundary of the main stellar locus in the colour-colour diagram. Objects selected as H a emitters are shown as large triangles. 
Note th a t the cut lines shown here are only approximate, as the actual selection criterion used also considers the errors on each individual 
datapoint (see Equation 2).
used to  select em itters. Em pirically , we find th a t  th is  m ethod  
gives reasonable  resu lts  94 p e r cen t of th e  tim e (com pared 
to  visual inspection). T h a t is, th e  fit ru n s th ro u g h  th e  u p p er 
b o u n d ary  of th e  ste llar locus w hen it  is visible and  otherw ise 
fits th e  whole ste llar locus in  a  satisfac to ry  m anner.
4 .4  S e le c t in g  H a  E x c e s s  O b je c ts
O nce th e  ap p ro p ria te  fit for each b in  has been  decided, we 
identify  ob jec ts significantly  above th e  chosen fit as likely 
H a  em itters. O ur selection crite rion  takes in to  account b o th  
th e  sc a tte r  of p o in ts  a round  th e  ste llar loci and  th e  errors 
on th e  colours of each ind iv idual d a tap o in t. W e first define 
th e  H a  excess for each ob jec t as
A H a  =  ( r ' — Ha)obs — ( r ' — H a f i t  (1)
w here ( r '—H a )obs is th e  observed value of th e  colour and 
( r '—H a ) fit is th e  value o b ta ined  from  th e  fit for th e  corre­
sponding  observed value of r '  — i '.  T he  selection crite rion  is 
th e n  given in  te rm s of H a  excess by
A H a  > (2)
H ere rm s  is th e  roo t m ean  square value of th e  residuals 
a round  th e  fit, C  is a co n stan t (we use values of 4.5 for our 
in itia l fits and  5 for th e  fits w ith  a-c lipp ing), m fit is th e  
g rad ien t of th e  fit line, and  0 (r'- H a) and  a (r>- i >) a re  th e  
errors on th e  observed colours.
N ote th a t  th e  cu t lines show n here are only approxi­
m ate , as th e  ac tu a l selection crite rion  used also considers 
th e  errors on each ind iv idual d a ta p o in t (see E q u a tio n  2 ) .
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In  th e  exam ple show n in  Fig. 1, th e  lines illu s tra te  th e  
in itia l and  final selection cu ts  applied. However th e  cu t lines 
show n are only approx im ate , as th e  ac tu a l selection criterion  
used  also considers th e  errors on each ind iv idual d a tap o in t 
(see E q u a tio n  2) and  th is  is no t reflected by th e  cu t lines 
show n in th e  figure. T h is  explains w hy in  som e cases ob jects 
appearing  above th e  illu s tra ted  cu ts  are n o t selected as em it­
ters. T he  selected H a  em itte rs  are ind ica ted  by th e  large t r i ­
angles. T he  figure shows d a ta  from  IPH A S field 5455, w hich 
con ta ins th e  CV E Y  Cyg. N ote th a t  th e  d a ta  quality  of th is 
field falls below th e  IPH A S s tan d ard s , th a t  is th is  field will 
be  re-observed for th e  final IPH A S survey a t a  la t te r  da te . 
E Y  Cyg is a b rig h t dw arf nova w ith  V -band  m agn itudes of
11.4 and  15.5 in  o u tb u rs t and  quiescence, respectively. T he 
IP H A S  pho to m etry  ( r ' =  14.1) suggests th e  system  was ob­
served n ear quiescence, w hen it is know n to  d isplay clear H a  
em ission (M unari e t al. 1997). T he  CV is m arked  by a large 
open  circle and  was correctly  selected as a likely em ission 
line ob jec t by our algorithm . We no te  th a t ,  in  th is  case, th e  
final fit succeeded in  identify ing  E Y  Cyg as an  em ission line 
o b jec t, w hereas a  selection based  on th e  in itia l fit to  all th e  
d a ta  w ould have failed to  do so.
I t  is w orth  em phasizing  th a t  we m ake no claim  th a t  th e  
m eth o d  presen ted  here is in  any s tr ic t sense op tim al for se­
lecting  H a  em itters. T he  design goals for our a lgo rithm  are 
m erely th a t  it  should  be sim ple, fully au to m a ted  and  p ro ­
duce reasonable  resu lts  in  th e  vast m ajo rity  of cases (w hen 
com pared  to  a  fully in terac tive  ou tlier selection). C onse­
quently , th e  selection c rite ria  we use are essentially  em pirical 
and  ta ilo red  to  provide ad eq u a te  resu lts  in  m ost situa tions.
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T ab le  1. Summary of the existing data for the CVs in the two samples. Magnitude ranges are drawn directly from the 
Downes et al catalogue. O rbital period information is drawn directly from the R itter and Kolb catalogue. CV classification 
data  are adapted from the information contained within CVCat.
GCVS Name Other name Magnitude Range Orbital
Perioda
(days)
CV
Flagb
CV
Type c
O ff-P lane
RZ LMi PG 0948+344 14.2 V - 16.8 V 0.058500* 0 DN/SU
RU LMi CBS-119/Ton 1143 13.8 p - 19.5 p 0.251000 0 DN
CH UMa PG 1003+678 10.7 V - 15.3 V 0.343184 0 DN
SW Sex PG 1012-029 14.8 B - 16.7 B 0.134938 0 NL/SW
GG Leo RX J1015.5+0904 16.5 V - 18.8 V 0.055471 0 AM
CP Dra 14.3 p - 20 p 0.081600* 0 DN
CI UMa SVS 1755 13.8 p - 18.8 V 0.060000 0 DN/SU
KS UMa RX J1020+5304 13.0 p - 17.0 p 0.068000 0 DN
FIRST J 102347+003841 17.3 V - 17.8 V 0.198115 -1 -
U Leo BD +14 2239 10.5 v - <15 v 0.267400: 0 N:
DW UMa PG 1030+590 14.9 V - 18. V 0.136607 0 NL/VY
DO Leo PG 1038+155 16.0 B - 17.0 B 0.234515 0 NL
IY UMa Tmz V85 13.0 p - 18.4 p 0.073909 0 DN/SU
CW 1045+525 16.5 B - 0.271278 0 DN
SX LMi CBS-31/Ton 45 13 V - 17.4 V 0.067200 0 DN/SU
CY UMa SVS 2198 12.3 V - 17.8 V 0.067950 0 DN/SU
AN UMa PG 1101+453 13.8 B - 20.2 B 0.079753 0 AM
ST LMi CW 1103+254 15.0 V - 17.2 V 0.079089 0 AM
AR UMa 1ES 1113+432 13.3 V - 16.5 V 0.080501 0 AM
DP Leo 1E 1114+182 17.5 B - 19.5 B 0.062363 0 AM
T T  Crt FSV 1132-11 12.7 V - 16.3 V 0.268420 0 DN
RZ Leo 11.5 V - 19.2 V 0.076038 0 DN/SU
T Leo BD +4 2506a 10.0 V - 15.9 V 0.058820 0 DN/SU
DO Dra YY Dra? 10.6 B - 16.7 B 0.165374 0 IP
TW  Vir PG 1142-041 12.1 v - 16.3 v 0.182670 0 DN
EU UMa RE 1149+28 16.5 B - 16.8 B 0.062600 0 AM
BC UMa GR 102 10.9 B - 18.3 B 0.062610 0 DN/SU
IR Com S 10932 13.5 B - 18. B 0.087039 0 DN:/SU:
EV UMa RX J1307+53 17.1 V - 20.8 V 0.055338 0 AM
HV Vir NSV 6201 11.5 V - 19.0 V 0.057069 0 DN/SU
HS Vir PG 1341-079 13.0 B - 16.6 V 0.076900 0 DN
OU Vir 1432-0033 14.5 p - 18.5j 0.072730 0 DN/SU
UZ Boo HV 10426 11.5 v - 20.4 V 0.125000: 0 DN/SU
KV Dra RX J1450.5+6403 11.8 V - 17.1 V 0.058760 0 DN/SU
T T  Boo HV 3681 12.7 v - 19.2 V 0.077000: 0 DN/SU
NY Ser NSV 6990 14.8 V - 17.9 V 0.097800 0 DN/SU
M5 V101 17.5 p - 20.9 V 0.242000 0 DN
ES Dra PG 1524+622 13.9 p - 16.3 p 0.179000 0 DN/SU
Q W  Ser Tmz V46 12.8 p - <15.3 p 0.074570 0 DN
ASAS 153616-0839.1 11.5 V - <15.4 V 0.063600* 0 DN
LX Ser Stepanian's star 13.3 B - 17.4 B 0.158432 0 NL/SW
CT Ser N Ser 1948 (r) 7.9 v - 16.6 p 0.195000 0 N
SS UMi PG 1551+719 12.6 V - 17.6 V 0.067780 0 DN/SU
MR Ser PG 1550+191 14.9 V - 17. V 0.078798 0 AM
a A colon following the orbital period signifies the value is uncertain, an asterisk signifies the value has been estimated 
from the known superhump period.
b Possible entries in this column; 0 =  good, 1= uncertain, -1 =  not in CV Cat, -2 =  non cv.
c Possible entries in this column; DN =  dwarf nova, N =  nova, NL =  novalike variable, NR =  recurrent nova, AM =  
polar (AM Her), IP =  intermediate polar, - =  non classified. Any entries in this column following a forward slash are the 
secondary classification of the CV, possible additional entries are; SU =  SU UMa system, VY =  VY Scl system, ZC =  Z 
Cam system, UG =  U Gem system, SW =  SW Sex system, Na =  fast nova, Nb =  slow nova. A colon following any of these 
entries signifies the classification is uncertain.
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T ab le  1 — continued
GCVS Name Other name Magnitude Range Orbital
Perioda
(days)
CV
Flagb
CV
Type c
O ff-P lane
RX J1554.2+2721 16.8 B - 0.105462 0 AM
QZ Ser HadV4 12.7 p - <14.9 p 0.083161 0 DN
VW CrB Antipin V21 14.0 p - <17.5 b 0.070700* 0 DN
1RXS J161008+035222 0.132200 0 AM
X Ser HV 3137 8.9 p - 18.3 p 1.480000 0 N:/Nb:
V589 Her S 10296 14.1 p - <17.5 p 0.090500* 0 DN
V844 Her Antipin V43 12.5 p - 17.5 p 0.054643 0 DN/SU
V699 Oph HV 10577 13.8 p - 18.5 p 0.068300* -2 -
RW UMi SVS 1359 6 p - 18.5 B 0.059100 0 N/Nb
V841 Oph BD -12 4633 4.2 v - 13.5 v 0.601400 0 N/Nb
P la n e
HT Cas S 3343 10.8 v - 18.4 v 0.073647 0 DN/SU
V Per BD +56 406a 9.2 p - 18.5 p 0.107126 0 N
UV Per AN 87.1911 11.7 V - 17.9 V 0.064900 0 DN/SU
TZ Per AN 28.1912 12.3 v - 15.6 v 0.262906 0 DN/ZC
T Aur BD +30 923a 4.2 p - 15.2 p 0.204378 0 N/Nb
FS Aur S 3946 14.4 v - 16.2 v 0.059500 0 DN
CW Mon AN 61.1936 11.9 v - 16.3 v 0.176600 0 DN
V603 Aql HD 174107 -1.1 v - 11.8 B 0.138500 0 N /N a
CI Aql AN 23.1925 8.8 V - 15.6 p 0.618363 0 NR
V446 Her 3.0 p - 17.8 B 0.207000 0 N /N a
V1425 Aql 7.5 v - <19.0 V 0.255800 0 N /IP:
EM Cyg AN 185.1928 12.5 v - 14.4 v 0.290909 0 DN/ZC
RX J1951.7+3716 15.5 B - 0.493000 0 -
EY Cyg AN 200.1928 11.4 v - 15.5 v 0.459326 0 DN/UG
V2306 Cyg 1WGA J1958.2+3232 15.7 V - 0.181200 0 IP
V550 Cyg S 3847 14.2 p - <17.0 p 0.067200* 0 DN/UG
V503 Cyg S 4524 13.4 V - 17.6 V 0.077700 0 DN/SU
V751 Cyg SVS 1202 13.2 V - 16.0 V 0.144464 0 NL/VY
V2275 Cyg N Cyg 2001, No. 2 6.6 p - 0.314500 0 N
a A colon following the orbital period signifies the value is uncertain, an asterisk signifies the value has been estimated 
from the known superhump period.
b Possible entries in this column; 0 =  good, 1= uncertain, -1 =  not in CV Cat, -2 =  non cv.
c Possible entries in this column; DN =  dwarf nova, N =  nova, NL =  novalike variable, NR =  recurrent nova, AM =  
polar (AM Her), IP =  intermediate polar, - =  non classified. Any entries in this column following a forward slash are the 
secondary classification of the CV, possible additional entries are; SU =  SU UMa system, VY =  VY Scl system, ZC =  Z 
Cam system, UG =  U Gem system, SW =  SW Sex system, Na =  fast nova, Nb =  slow nova. A colon following any of these 
entries signifies the classification is uncertain.
Table 2: Summary of the IPHAS data for the CVs in the two samples.
GCVS Name Other name RA DEC I b r' r ' i' i' Ha Ha Emittera Initialb Fieldc i' band i ' band i ' band EWd
error error error Selection Quality Seeing Ellipticity Magnitude (A)
(2000) (2000) (°) (°) Flag Flag (arcsec) Limit
Off-Plane
RZ LMi PG 0948+344 09:51:48.93 + 34:07:23.9 191.29 51.04 14.789 0.001 14.783 0.003 14.857 0.003 0 0 0 1.83 0.09 20.03 -5
RU LMi CBS-119/Ton 1143 10:02:07.47 +33:51:00.5 191.83 53.17 17.626 0.006 17.296 0.013 17.007 0.008 1 0 0 1.42 0.10 20.47 65
CH UMa PG 1003+678 10:07:00.59 +67:32:47.2 142.90 42.65 14.327 0.001 13.683 0.002 13.832 0.002 1 0 1 2.29 0.04 20.00 35
SW Sex PG 1012-029 10:15:09.39 -03:08:32.9 245.52 41.68 15.071 0.002 14.952 0.004 14.815 0.003 1 0 1 2.53 0.10 19.62 25
GG Leo RX J1015.5+0904 10:15:34.67 +09:04:42.5 231.59 49.05 18.949 0.014 18.936 0.047 19.122 0.032 0 0 1 1.65 0.07 20.20 -15
CP Dra 10:15:39.82 +73:26:05.2 136.34 39.38 15.587 0.002 15.628 0.005 15.796 0.004 0 0 0 1.44 0.07 20.58 -15
CI UMa SVS 1755 10:18:12.96 +71:55:43.6 137.59 40.55 18.490 0.010 18.247 0.023 18.036 0.014 1 0 0 1.20 0.12 20.80 45
KS UMa RX J1020+5304 10:20:26.52 +53:04:33.2 159.55 51.93 16.775 0.004 16.539 0.008 15.953 0.004 1 0 0 0.75 0.09 20.86 110
FIRST J102347+003841 10:23:47.70 +00:38:41.2 243.49 45.78 17.315 0.005 16.856 0.010 17.315 0.009 0 0 1 1.83 0.07 20.41 -10
U Leo BD +14 2239 10:24:03.92 +14:00:25.3 226.34 53.27 17.007 0.004 16.696 0.009 17.063 0.008 0 0 0 1.08 0.10 20.53 -10
DW UMa PG 1030+590 10:33:52.86 +58:46:54.8 150.28 50.41 15.211 0.002 15.116 0.004 14.421 0.002 1 0 0 0.70 0.07 20.85 110
DO Leo PG 1038+155 10:40:51.23 +15:11:34.0 227.71 57.43 17.591 0.006 16.947 0.010 17.136 0.009 1 0 0 1.32 0.04 20.64 30
IY UMa Tmz V85 10:43:56.72 +58:07:31.9 149.76 51.84 17.638 0.006 17.299 0.012 17.046 0.008 0 2 1 2.31 0.12 20.11 65
CW 1045+525 10:48:18.01 +52:18:30.0 156.89 55.92 14.608 0.001 14.000 0.002 14.164 0.002 1 0 0 1.50 0.04 20.63 30
SX LMi CBS-31/Ton 45 10:54:30.44 +30:06:10.4 199.34 64.24 16.146 0.003 15.917 0.006 15.596 0.004 1 0 0 1.36 0.05 20.42 60
CY UMa SVS 2198 10:56:57.03 +49:41:18.3 159.37 58.55 17.336 0.005 16.995 0.011 16.534 0.006 1 0 0 1.39 0.05 20.42 100
AN UMa PG 1101+453 11:04:25.62 +45:03:14.5 165.83 62.15 16.251 0.003 16.103 0.006 15.908 0.004 1 0 1 1.97 0.05 20.33 35
ST LMi CW 1103+254 11:05:39.79 +25:06:28.7 211.80 66.21 17.523 0.005 16.681 0.009 17.343 0.010 0 0 0 1.30 0.07 20.49 -5
AR UMa 1ES 1113+432 11:15:44.56 +42:58:22.6 167.45 64.97 16.468 0.003 15.962 0.006 16.269 0.005 0 0 0 0.75 0.06 20.77 5
DP Leo 1E 1114+182 11:17:15.93 +17:57:41.8 230.90 66.46 18.082 0.007 17.915 0.018 17.723 0.012 1 0 1 2.06 0.02 20.11 35
TT Crt FSV 1132-11 11:34:47.17 -11:45:30.2 274.88 46.90 15.729 0.002 15.156 0.004 15.379 0.003 1 0 1 2.78 0.11 19.48 20
RZ Leo 11:37:22.24 +01:48:58.9 264.77 59.09 18.715 0.011 18.013 0.020 17.932 0.014 1 0 1 2.47 0.03 19.77 80
T Leo BD +4 2506a 11:38:26.81 +03:22:07.5 263.49 60.52 16.048 0.002 15.676 0.005 14.993 0.003 1 0 1 2.69 0.20 19.42 155
DO Dra YY Dra? 11:43:38.46 +71:41:20.9 130.30 44.46 14.516 0.001 13.872 0.002 13.485 0.001 1 0 0 1.37 0.07 20.53 130
TW Vir PG 1142-041 11:45:21.18 -04:26:05.7 273.60 54.63 15.763 0.002 15.199 0.004 15.112 0.003 1 0 0 1.74 0.05 20.33 60
EU UMa RE 1149+28 11:49:55.71 +28:45:07.5 202.54 76.33 17.283 0.004 17.140 0.011 16.477 0.006 1 0 1 2.49 0.05 19.87 110
BC UMa GR 102 11:52:15.84 +49:14:41.9 146.27 65.12 18.157 0.007 17.971 0.019 17.570 0.011 1 0 1 2.04 0.11 20.01 70
IR Com S 10932 12:39:32.05 +21:08:06.3 277.93 83.42 18.618 0.010 17.809 0.018 18.534 0.020 0 0 0 1.08 0.04 20.55 -10
EV UMa RX J1307+53 13:07:53.82 +53:51:31.0 117.57 63.10 16.630 0.003 16.759 0.009 16.495 0.006 1 0 0 1.07 0.06 20.65 20
HV Vir NSV 6201 13:21:03.18 +01:53:29.0 319.88 63.78 19.058 0.014 19.013 0.040 18.938 0.025 0 2 0 1.18 0.07 20.74 10
HS Vir PG 1341-079 13:43:38.44 -08:14:03.6 324.44 52.44 15.206 0.002 14.980 0.003 14.839 0.003 1 0 0 1.17 0.12 20.74 35
OU Vir 1432-0033 14:35:00.23 -00:46:06.2 348.90 52.60 16.556 0.003 16.445 0.007 16.013 0.005 1 0 1 1.84 0.06 20.11 65
KV Dra RX J1450.5+6403 14:50:38.34 +64:03:28.8 103.81 48.41 17.086 0.004 16.766 0.009 16.439 0.006 1 0 0 1.80 0.03 20.25 70
TT Boo HV 3681 14:57:44.79 +40:43:40.9 68.74 60.70 13.688 0.001 13.722 0.002 13.740 0.002 0 2 0 0.74 0.07 20.99 -5
NY Ser NSV 6990 15:13:02.33 +23:15:08.5 33.99 57.84 15.311 0.002 15.269 0.004 15.341 0.003 0 0 0 0.82 0.04 20.82 -5
ES Dra PG 1524+622 15:25:31.80 +62:00:59.8 97.64 46.83 15.019 0.001 14.823 0.003 14.905 0.003 1 0 0 0.89 0.17 20.72 5
QW Ser Tmz V46 15:26:13.99 +08:18:02.5 13.06 48.86 17.603 0.005 17.140 0.012 16.941 0.008 1 0 0 1.72 0.04 20.08 70
ASAS 153616-0839.1 15:36:16.00 -08:39:07.7 356.94 36.40 18.096 0.007 17.852 0.018 16.993 0.008 1 0 0 0.80 0.11 20.76 175
LX Ser Stepanian's star 15:38:00.11 +18:52:03.5 29.78 50.97 14.762 0.001 14.431 0.003 14.162 0.002 1 0 0 0.70 0.06 21.02 65
CT Ser N Ser 1948 (r) 15:45:39.09 +14:22:31.5 24.48 47.56 16.434 0.003 16.351 0.007 16.360 0.006 1 0 0 0.83 0.04 20.96 5
SS UMi PG 1551+719 15:51:22.37 +71:45:12.1 106.37 39.06 16.001 0.002 15.901 0.006 15.741 0.004 1 0 0 0.61 0.14 20.72 25
MR Ser PG 1550+191 15:52:47.16 +18:56:29.2 31.72 47.71 17.129 0.004 16.468 0.008 17.003 0.008 0 0 1 1.65 0.04 20.39 -5
RX J1554.2+2721 15:54:12.35 +27:21:52.7 44.16 49.61 17.103 0.004 16.243 0.007 16.418 0.006 1 0 1 1.66 0.08 20.21 55
QZ Ser HadV4 15:56:54.56 +21:07:19.9 35.24 47.49 17.192 0.004 16.576 0.008 16.731 0.007 1 0 0 1.74 0.05 20.17 35
VW CrB Antipin V21 16:00:03.71 +33:11:14.2 53.29 49.12 16.652 0.003 16.392 0.007 16.633 0.006 0 0 0 0.74 0.06 20.85 -5
1RXS J161008+035222 16:10:07.55 +03:52:33.1 15.81 37.26 17.596 0.005 16.262 0.007 16.899 0.007 1 0 0 1.03 0.05 20.74 40
X Ser HV 3137 16:19:17.70 -02:29:29.3 10.84 31.87 17.050 0.004 16.544 0.008 16.648 0.006 1 0 0 0.93 0.09 20.62 30
V589 Her S 10296 16:22:07.19 +19:22:36.8 35.56 41.33 17.610 0.006 17.127 0.011 16.899 0.008 1 0 1 2.13 0.03 19.98 75
V844 Her Antipin V43 16:25:01.76 +39:09:26.6 62.36 44.38 17.656 0.005 17.486 0.014 16.730 0.007 1 0 0 0.66 0.06 20.82 135
V699 Oph HV 10577 16:25:14.79 -04:40:25.7 9.73 29.41 15.915 0.002 15.173 0.004 15.699 0.004 0 0 0 0.82 0.08 20.78 0
RW UMi SVS 1359 16:47:54.84 +77:02:12.2 109.64 33.15 18.677 0.010 18.531 0.031 18.454 0.018 1 0 0 0.74 0.15 20.76 20
V841 Oph BD -12 4633 16:59:30.38 -12:53:26.8 7.62 17.78 13.344 0.001 12.937 0.001 13.203 0.001 0 2 0 1.09 0.07 20.53 5
Plane
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T a b l e  2 — C o n t i n u e d
GCVS Name Other name RA DEC I b r ' r ' i ' i ' Ha Ha Emittera Initialb Fieldc i' band i ' band i ' band EWd
error error error Selection Quality Seeing Ellipticity Magnitude (A)
(2000) (2000) (°) (°) Flag Flag (arcsec) Limit
HT Cas S 3343 01:10:13.17 + 60:04:35.6 125.27 -2.71 15.936 0.004 15.455 0.005 15.056 0.003 1 0 0 1.24 0.06 20.06 110
V Per BD +56 406a 02:01:53.93 +56:44:03.5 132.52 -4.82 17.983 0.014 17.746 0.018 17.378 0.011 1 0 0 0.85 0.06 20.55 70
UV Per AN 87.1911 02:10:08.30 +57:11:21.0 133.47 -4.06 18.195 0.015 17.763 0.018 17.110 0.009 1 0 0 0.85 0.06 20.67 160
TZ Per AN 28.1912 02:13:50.95 +58:22:52.4 133.58 -2.78 12.673 0.001 12.465 0.001 12.586 0.001 0 0 0 1.02 0.08 20.51 5
T Aur BD +30 923a 05:31:59.12 +30:26:45.4 177.14 -1.70 14.910 0.003 14.573 0.003 14.603 0.003 1 0 0 1.25 0.04 20.38 25
FS Aur S 3946 05:47:48.37 +28:35:11.2 180.55 0.23 15.797 0.004 15.350 0.004 15.241 0.004 1 0 0 0.99 0.10 20.52 55
CW Mon AN 61.1936 06:36:54.59 +00:02:17.3 211.24 -3.21 18.339 0.094 17.094 0.049 17.180 0.039 0 0 1 1.17 0.05 18.45 130
V603 Aql HD 174107 18:48:54.64 +00:35:03.0 33.16 0.83 12.425 0.001 11.995 0.001 11.835 0.001 0 2 0 0.88 0.08 20.67 60
CI Aql AN 23.1925 18:52:03.57 -01:28:39.0 31.69 -0.81 15.562 0.002 14.812 0.003 15.438 0.004 0 0 0 1.08 0.07 20.54 -5
V446 Her 18:57:21.61 +13:14:29.7 45.41 4.71 16.759 0.005 16.242 0.008 16.443 0.007 1 0 0 1.47 0.08 19.73 20
V1425 Aql 19:05:26.66 -01:42:03.3 33.01 -3.89 18.494 0.011 18.693 0.042 15.731 0.004 0 2 0 1.30 0.10 20.29 456955e
EM Cyg AN 185.1928 19:38:40.13 +30:30:28.6 65.19 4.28 13.129 0.001 12.697 0.001 12.881 0.001 1 0 0 1.84 0.09 19.57 15
RX J1951.7+3716 19:51:47.50 +37:16:48.1 72.44 5.27 14.961 0.002 14.393 0.003 14.353 0.003 1 0 1 1.77 0.07 18.91 55
EY Cyg AN 200.1928 19:54:36.77 +32:21:55.5 68.50 2.26 14.125 0.001 13.760 0.002 13.878 0.002 1 0 1 1.48 0.05 19.19 15
V2306 Cyg 1WGA J1958.2+3232 19:58:14.47 +32:32:42.2 69.05 1.70 15.479 0.002 15.240 0.004 15.092 0.003 1 0 0 0.91 0.06 20.38 35
V550 Cyg S 3847 20:05:04.95 +32:21:22.9 69.66 0.38 16.621 0.003 15.922 0.006 16.544 0.006 0 0 0 1.12 0.07 20.63 -10
V503 Cyg S 4524 20:27:17.39 +43:41:22.5 81.50 3.07 17.252 0.013 16.842 0.014 16.404 0.011 1 0 0 1.01 0.07 19.82 105
V751 Cyg SVS 1202 20:52:12.80 +44:19:26.2 84.74 -0.09 13.879 0.002 13.653 0.002 13.712 0.002 0 0 0 1.00 0.06 20.59 10
V2275 Cyg N Cyg 2001, No. 2 21:03:01.98 +48:45:53.5 89.32 1.39 17.709 0.011 17.017 0.011 17.312 0.010 1 0 1 3.04 0.08 19.24 25
1 Possible entries in this column; 0 =  not detected as a H a emitter, 1 =  detected as a H a emitter
2 Possible entries in this column; 0 =  no flag, 2 =  incorrect object classification or object too bright, 3 =  magnitudes missing, 5 =  situated on bad pixels
3 Possible entries in this column; 0 =  no flag, 1 =  bad quality field th a t is, seeing > 2 or ellipticity < 0.2 or limiting magnitude < 19.5 in any of the three bands
4 Values are estimates obtained from IPHAS photometry.
5 This value is too large to  be physically real.
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4 .5  I n te r p r e t in g  H a  E x c e s s  an d  E s t im a t in g  
E q u iv a le n t W id th s
I t  is tem p tin g  to  tr e a t  th e  H a  excess values ca lcu la ted  from 
E q u a tio n  1 as d irec t trace rs  of em ission line s tren g th  (tra c ­
ers of line E W ). However, th is  in te rp re ta tio n  is no t always 
safe. In  particu la r, it  is im p o rtan t to  keep in  m ind  th a t  th e  
ca lcu lated  excess values have no fixed reference po in t, th a t  is 
each excess is ca lcu la ted  re lative to  th e  local fit to  th e  u p p er 
b o u n d ary  of th e  ste llar locus in  th e  ap p ro p ria te  m agn itude  
b in  of a given field. T hus any d irec t com parison of H a  ex­
cess values betw een different ob jec ts im plicitly  assum es th a t  
each ob jec t ac tua lly  belonged to  th e  ste llar p o p u la tion  th a t  
was described  by th e  fit. In  fields con tain ing  a  sp lit s te llar 
locus (and  hence m ore th a n  one p opu la tion ), th e re  is no 
guaran tee  th a t  th is  is th e  case.
I t  is w orth  stressing th a t  th is  prob lem  is n o t sim ply due 
to  th e  p a rticu la r defin ition  of “H a  excess” we have adopted . 
Instead , it  reflects th e  inheren t am biguity  in assigning ind i­
v idual ob jec ts to  p a rticu la r ste lla r popu la tions on th e  basis 
of lim ited  pho tom etric  inform ation . M ore specifically, since 
different ste llar popu la tions can  have different “baseline” 
( r ' - H a )  colours a t  given ( r ' — i ' ), it  is im possible to  de­
fine a  physically  m eaningful H a  excess for a  given source 
w ith o u t specifying th e  p o p u la tion  to  w hich it  belongs.
T h is all sounds ra th e r  pessim istic. However, we can  also 
tu rn  th is  argum ent around: i f  we are willing to adopt a par­
ticu lar spectral energy d istribu tion  (SE D ) fo r  a given H a  
excess source, a corresponding H a  E W  estim ate  can be ob­
tained im m edia tely  fro m  the photom etric  data. If  th is  SED 
rep resen ts th e  o b jec ts’con tinuum  d is tr ib u tio n  b e tte r  th a n  
th e  fit to  th e  u p p e r ste llar locus, th e  resu lting  E W  estim ate  
should  be  a  m ore m eaningful q u an tity  th a n  th e  s tra ig h t H a  
excess.
Fig. 2 illu s tra tes  how th is  idea can  be im plem ented  for 
CVs. Basically, th e  location  of a  given source in th e  colour- 
colour d iag ram  is de term ined  by its  H a  E W  and  th e  shape 
o f its  con tinuum  SED. T he  la tte r , in  tu rn , depends on th e  
in trinsic  SED shape and  th e  reddening  tow ards th e  source. 
For CVs, it m ay be reasonable to  ad o p t an  in trinsic SED of 
F \ a  A- 2 '3 as typical. T h is is ap p ro p ria te  for an  optically  
th ick  accretion  disc and  is p robab ly  accep tab le  even for W D - 
d om ina ted  sho rt-period  DNe. We can  th e n  add  H a  lines of 
varying E W s to  th is  SED and  calcu late  th e  reddening  tracks 
o f th e  resu lting  m odel sp ec tra  th ro u g h  colour-colour space. 
A s show n in  Fig. 2 , th is  p rocedure  yields a  m app ing  betw een 
th e  observed colours, on th e  one h an d , and  th e  co rrespond­
ing E b - v  values and  H a  E W s, on th e  o ther.
In  principle, it should be possible to  place observed 
p o in ts  d irectly  onto  th is  m apped  colour-colour p lo t and  read  
off th e  resu lting  E B -V  values and  H a  EW s. However, in  
p rac tice , one add itiona l co rrection  is necessary a t p resent. 
T h is  arises because our syn thetic  pho to m etry  is V ega-based, 
b u t th e  s ta n d a rd  s ta rs  used for th e  pho tom etric  ca lib ra tion  
o f th e  IPH A S d a ta  are m ostly  la te r  ty p e  stars. As no ted  
by D rew  e t al. (2005), Vega is an  A0V  s ta r  w ith  deep H a  
absorp tion , and  th is  causes a system atic  offset betw een ob­
served and  syn thetic  r ' - H a  colours. T he  offset requ ired  for 
a given field is betw een 0.25 and  -0,05 m ag (in th e  sense 
th a t  th e  d a ta  po in ts m ust be  sh ifted  upw ards). We th u s  ac­
coun t for th is  by applying an  average shift of 0.15 m ag to
T ab le  3. The distribution of H a emitters amongst the CV sam­
ples. The numbers are given as a ratio of CVs selected as H a 
emitters to  the to tal number of CVs in the sample. The numbers 
in parenthesis show the corresponding percentages.
Sample All CVs CVs Passing
initial cut
Off-Plane 36/52 (69.2) 36/48 (75.0)
In-Plane 12/19 (63.2) 12/17 (70.6)
Total 48/71 (67.6) 48/65 (73.8)
th e  observed r ' - H a  colours of all CVs before p lacing th em  
on Fig. 2.
I t  is also w orth  no ting  th a t  th e  IPH A S d a ta  cu r­
ren tly  still lack a  global (field-to-field) pho tom etric  ca lib ra­
tion. T h is  again  particu la rly  affects th e  H a  pho to m etry  and 
causes a  sc a tte r  o f ~  0.1 m ag in  th e  r '  - H a  colours betw een 
different fields. We cu rren tly  m ake no a tte m p t to  correct for 
th is. N ote th a t  b o th  system atic  and  field-to-field offsets will 
be au tom atica lly  corrected  in  th e  final IPH A S d a ta  release.
Fig. 2 shows th e  corrected  colours of ou r C V s on th e  
m apped  colour-colour d iagram . T he  resu lting  H a  E W  esti­
m ates are given in T able 2, and  we will ad o p t these  values 
th ro u g h o u t th e  res t of th is  paper. W e stress th a t  these  m ay 
be sub jec t to  considerable error, b o th  because of field-to- 
field sc a tte r  and  because th e  in trinsic  SED  shape we have 
assum ed m ay n o t be ap p ro p ria te  to  all system s. 4
5 R E S U L T S
T able 1 sum m arizes th e  key p ropertie s of all th e  CVs in  th e  
two sam ples. T he  m agn itude  range d a ta  were tak en  from  
th e  Downes et al ca ta logue5 (Downes e t al. 2001), o rb ita l 
periods are from  th e  R itte r  & K olb catalogue, and  th e  CV 
ty p e  in fo rm ation  comes from  th e  w eb-based C V  catalogue 
C V C at6 (K ube e t al. 2003). O ur new  d a ta  are listed  T able 2 , 
w hich also includes in fo rm ation  on w hether a given C V  was 
selected as an  H a  em itter.
5 .1  R e c o v e r y  R a te s  o f  C V s a s H a  E m it te r s
O ur recovery ra te s  are sum m arized  in  Tables 3-6 and  illus­
tr a te d  in  Figs 3-4. In  th e  following subsections, we discuss 
th e  resu lting  com pleteness estim ates and  th e ir  dependence 
on  key CV p ropertie s  (o rb ita l period , CV type , ap p aren t 
m agn itude , galactic la titu d e ). We also explore th e  causes 
th a t  p reven t some C V s from  being selected as H a  em itters.
5.1.1 Overall C om pleteness
T able 3 gives th e  recovery ra te s  ( th a t is CVs selected as 
H a  em itte rs) for b o th  in -p lane and  off-plane sam ples and 
also th e  com bined recovery ra tes. W e find a global recovery
4 On a more positive note, Figure 6 in Drew et al. (2005) shows 
that, for smooth SEDs, most of the sensitivity to  the assumed 
SED shape is in the reddening estimates, whereas H a EWs are 
much less affected.
5 http://archive.stsci.edu/prepds/cvcat/index.htm l
6 h ttp ://cvcat.net
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F ig u re  2. Colour-colour plot showing how H a EW  relates to  H a excess and broad-band colour. Triangles represent dwarf novae; circles 
represent novae, novalike variables and recurrent novae; squares represent magnetic systems and crosses represent non-classified systems. 
The symbols are plotted in red if the system is a H a emitter; blue if it is a non-emitter; and green if it is a system which did not pass 
our initial selection cuts. The jagged solid curve is the unreddened main sequence (MS) line, the smooth solid curve running mainly 
horizontally is the early-A reddening line (that is the reddening track of an early A star). All other lines correspond to  power law SEDs 
with F \  x  A- 2 '3, as appropriate for an optically thick accretion disc (see Drew et al. 2005). The dashed lines are lines of constant H a 
EW  superposed on this SED (the EW  values are given in Angstroms at the far left of each line). The solid green vertical lines represent 
H a emission curves of growth for this SED a t fixed reddening (the corresponding E(B - V) values are shown at the top of each line).
ra te  of ~  68% [48/71] for all C V s and  ~  74% [48/65] if we 
only consider those  C V s th a t  passed our in itia l selection cu ts  
defined in  section  4.1.
B o th  of these  num bers are im p o rtan t. T he  first p ro ­
vides an  “end -to -end” estim ate  of th e  survey com pleteness 
for CVs, th a t  is w hat frac tion  of C V s b righ te r th a n  r '  =  19.5 
should  we expect to  discover w ith  IPH A S (or sim ilar su r­
veys) as em ission line objects. T h is  estim ate  allows for in ­
com pleteness due to  crow ding/b lending , ob jec ts falling on 
b ad  pixels, astrom etric  ca lib ra tion  problem s, etc. By con­
tra s t ,  th e  second com pleteness estim ate  (considering only 
o b jec ts th a t  pass ou r in itia l selection cu ts) is an  estim ate  
of th e  frac tion  of CVs th a t  are in  princip le  d iscoverable by 
IPH A S, th a t  is th e  frac tion  of CVs th a t  exh ib it p h o to m etri­
cally de tec tab le  H a  excesses. N ote th a t  th e  num ber of CVs 
d e tec ted  as H a  em itte rs  is th e  sam e in  b o th  cases, since a 
C V  w hich does n o t pass th e  in itia l selection cu ts  can  never 
be  selected as an  H a  em itte r.
I t  is in teresting  to  ask w hat co n stitu te s  a “de tec tab le” 
H a  excess in  th is  con tex t. A useful perspective on th is  ques­
tio n  can  be ob ta ined  from  Fig. 2, w hich shows th a t  th e
unreddened  m ain  sequence b roadly  separa tes  sources de­
te c ted  as H a  em itte rs  from  sources n o t de tec ted  as H a  excess 
objects. T h is reflects th e  fact th a t  ou r selection procedure 
uses th e  u p p e r b o u n d ary  of th e  m ain  ste llar locus as th e  zero 
p o in t in  searching for “significant” H a  excess outliers and 
confirm s th a t  th is  b o u n d ary  usually  tracks th e  un reddened  
m ain  sequence.
I t  is w orth  no ting  th a t  th is  effectively co n stitu te s  an  ob­
servationa l selection bias. For a given SED , reddened  sources 
m ust have larger H a  E W s th a n  unreddened  sources in  o r­
der to  be  selected as H a  excess objects. M ost C V s are blue 
ob jec ts observed th ro u g h  relatively  little  ex tinc tion , so th e  
sense of th is  selection b ias w orks in  th e ir  favour. In  essence, 
C V s occupy a  region in  th e  colour-colour p lo ts w here even a 
sm all H a  E W  stan d s  o u t p rom inen tly  from  th e  ste llar locus. 
T he  h igh recovery ra te  we find is p a rtly  due to  th is  fo rtu n a te  
situa tion .
12 A .R . W itham et al.
a)
All System s
0
10
Dwarf Novae
ß
Novae, Novalike V ariables and  R ecu rren t Novae
Magnetic System s
0
10
Non Classified
b)
10
r ’ P eriod  (Hours)
F ig u re  3. a) The magnitude distribution of the CVs b) the period distribution of the CVs. The orbital period gap is shown between 
the cyan lines. The plots show the distribution of emitters in red overlaid on top of the to tal distribution of CVs.
T ab le  4. A summary of the results showing the distribution 
amongst the long and short period CVs. Numbers are given as a 
ratio of CVs selected as H a emitters to  the to tal number of CVs 
in the sample, the percentages are given parenthesis.
Sample All CVs CVs passing 
initial cut
Short Off-Plane 21/34 (61.8) 21/31 (67.7)
Period In-Plane 4/5 (80.0) 4/5 (80.0)
< 2.5 hr Total 25/39 (64.1) 25/36 (69.4)
Long Off-Plane 15/18 (83.3) 15/17 (88.2)
Period In-Plane 8/14 (57.1) 8/12 (66.7)
> 2.5 hr Total 23/32 (71.9) 23/29 (79.3)
5 .1 .2  Dependence on Orbital Period,
In  order to  assess th e  dependence of our com pleteness on 
o rb ita l period , we first com pare th e  recovery s ta tis tic s  of 
sho rt-period  C V s (defined as having o rb ita l periods below 
th e  2.2 - 2,8 hou r period  gap) to  those  of long-period  CVs 
(w ith  periods above th e  gap). T hese recovery ra te s  for b o th  
types of C V s are listed  in  T able 4.
Som ew hat surprisingly, th e  recovery ra te s  for long- and 
sho rt-period  system s are com parab le , w ith  b o th  lying near 
65 p e r cent. G iven th a t  sho rt-period  C V s te n d  to  be in trin ­
sically fain t and  th a t  th e  H ß  E W  and  abso lu te  m agn itude  
for D N e are co rre la ted  (in th e  sense th a t  th e  fain t system s 
have stronger lines; P a tte rso n  1984), one m ight have ex­
pec ted  th a t  sho rt-period  system s w ould be  easier to  detec t 
and  th u s  have h igher recovery ra tes. T he  fact th a t  we do
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T ab le  5. Results showing the distribution of H a emitters 
amongst the two samples of CVs. The results in this case are 
separated by CV type. Numbers are given as a ratio of CVs se­
lected as H a emitters to  the to tal number of CVs in the sample, 
and the percentages are shown in parenthesis.
T ab le  6. A summary of the results, in this case showing how 
the recovery rate of H a emitters varies between the four magni­
tude bins. The numbers are given as a ratio of CVs selected as 
H a emitters to  the to tal number of CVs in the sample and the 
percentages are shown in parenthesis
CV type Sample All CVs CVs passing 
initial cut
Magnitude 
range (r ')
Sample All CVs CVs passing 
initial cut
Dwarf Off-Plane 22/30 (73.3) 22/27 (81.5) Off-Plane 10/16 (62.5) 10/14 (71.4)
Novae In-Plane 6/9 (66.7) 6/9 (66.7) < 16 In-Plane 7/11 (63.6) 7/10 (70.0)
Total 28/39 (71.8) 28/36 (77.8) Total 17/27 (63.0) 17/24 (70.8)
Magnetic Off-Plane 7/11 (63.6) 7/11 (63.6) Off-Plane 14/19 (73.7) 14/19 (73.7)
Systems In-Plane 1/1 (100.0) 1/1 (100.0) 16 - 17.5 In-Plane 2/3 (66.7) 2/3 (66.7)
Total 8/12 (66.7) 8/12 (66.7) Total 16/22 (72.7) 16/22 (72.7)
Nova, Recurrent Off-Plane 7/9 (77.8) 7/8 (87.5) Off-Plane 10/12 (83.3) 10/11 (90.9)
Nova and Novalike In-Plane 4/8 (50.0) 4/6 (66.7) 17.5 - 18.5 In-Plane 3/5 (60.0) 3/4 (75.0)
Variables Total 11/17 (64.7) 11/14 (78.6) Total 13/17 (76.5) 13/15 (86.7)
Non Off-Plane 0/2 (0.0) 0/2 (0.0) Off-Plane 2/5 (40.0) 2/4 (50.0)
Classified In-Plane 1/1 (100.0) 1/1 (100.0) 18.5 - 19.5 In-Plane 0/0 (N.A.) 0/0 (N.A.)
Total 1/3 (33.3) 1/3 (33.3) Total 2/5 (40.0) 2/4 (50.0)
no t observe a  m arked  difference in  recovery ra te s  is m ainly  
a te s tam en t to  th e  h igh  d a ta  quality  of IPH A S, th a t  is its 
ability  to  separa te  even long-period ob jec ts w ith  relatively  
weak em ission lines from  th e  m ain  ste llar loci in  any given 
field. T h is  ex p lana tion  is su p p o rted  by th e  fact th a t  short- 
period  D N e do exh ib it th e  largest H a  E W s (see section  6.1 
and  particu la rly  Fig. 5 ).
5 .1 .3  Dependence on C V  Type
In  order to  exam ine w hether H a  selection favours p a r tic u ­
la r C V  sub-types, each system  in  ou r sam ples is assigned 
one of four basic types based  on th e ir  classification in CV- 
C a t show n in  T able 1: (i) dw arf novae; (ii) novae and  nova- 
likes; (iii) m agnetic  CVs; (iv) unclassified system s. N ote th a t  
th e  second class includes b o th  classical and  recu rren t no ­
vae, and  th e  th ird  class includes b o th  in te rm ed ia te  polars 
and  th e  strongly  m agnetic  polars. W e refrain  from  using a 
finer classification schem e since th is  w ould resu lt in classes 
w ith  extrem ely  sm all num bers. I t  should also be po in ted  ou t 
th a t  some in te rm ed ia te  po lars are know n to  undergo dw arf 
nova ou tb u rsts . For th e  purposes of th e  w ork presen ted  here, 
any system  w hich has been  classified as a  m agnetic  CV is 
p u t in to  th is  category, irrespective of any sim ilarities w ith  
w eakly-m agnetic system s.
Table 5 shows th e  recovery s ta tis tic s  as a function  of 
C V  types and  Fig. 3 shows how th e  recovery s ta tis tic s  de­
pend  on C V  m agn itude  and  o rb ita l period  for th e  different 
C V  types. T he  dw arf novae have th e  overall h ighest recov­
ery ra te , w hich is n o t su rprising  since, in  quiescence, th e  ac­
cre tion  discs in  these  system s are a t least pa rtia lly  optically  
th in  and  are well know n to  p roduce strong  em ission lines (see 
W arner 1995 and  references there in ). T he  m agnetic  system s 
show th e  second h ighest recovery ra te  of all system s. T h is is 
p robab ly  due to  strong  B alm er em ission from  th e ir  accretion  
stream s (C ropper 1990; F errario  & W ickram asinghe 1993).
T he  novae and  nova-likes have th e  lowest overall recov­
ery ra tes, and  it  is tem p tin g  to  a tt r ib u te  th is  to  th e ir  know n 
observational and  physical characteristics. A t first sight, th is
seem s reasonable: b o th  types of h igh -sta te , w eakly-m agnetic 
CVs te n d  to  exh ib it only weak em ission lines w hen viewed 
a t  m odera te  inclinations (for exam ple S hara  e t al. 1986; 
W arner 1987; D hillon  1996). T h is is p robab ly  because these 
system s con ta in  optically  th ick  discs th a t  p roduce m ainly  
abso rp tion  line sp ec tra  (a lthough  often  em ission reversals 
are  observed in  th e  cores of ab so rp tion  line profiles).
However, a  closer look a t th e  s ta tis tic s  suggests th a t  th e  
tru e  exp lana tion  for th e  low recovery ra te s  for these  system s 
is m ore prosaic. In  th e  last co lum n of T able 5, we show th e  
recovery ra te s  th a t  resu lt if we res tric t a tte n tio n  to  system s 
th a t  have passed th e  in itia l selection cu t. H ere, th e  recov­
ery frac tion  of novae and  nova-likes is th e  h ighest. These 
num bers are com pletely  consisten t w ith  th e  corresponding 
ones for D Ne and  m agnetic  system s. T h u s th e  reason for th e  
lower overall recovery s ta tis tic s  for novae and  nova-likes is 
sim ply th a t  re latively  m ore of these  system s are m isclassified 
as non-ste llar in  th e  IPH A S d a ta .
I t  is w orth  asking why, desp ite  th e  physical argum ents 
given above, th e  recovery ra te s  for novae and  nova-likes are 
com parab le  to  those of DNe. T h is question  has ac tua lly  al­
ready  been  answ ered im plicitly  in  section  5.1.2. T here , we 
no ted  th a t  sho rt-period  CVs (w hich are dom inated  by DNe) 
do exh ib it larger H a  excesses th a n  long-period CVs (w hich 
con ta in  m ost o f th e  novae and  nova-likes), b u t th a t  IPH A S 
is sensitive enough to  still identify  th e  w eaker H a  em ission 
often  seen in  th e  la tte r .
F inally, th e  non-classified system s system s show a com ­
para tive ly  low recovery ra te  in  com parison to  o th e r system s. 
G iven th a t  th e re  are only 3 non-classified CVs it is no t p ru ­
d en t to  draw  any firm  conclusions from  th e  low recovery 
ra te .
5.1.4 Dependence on C V  M agnitude
A s pho tom etric  s c a tte r  increases tow ards fa in ter m agni­
tudes, com pleteness m ay be expected  to  decrease. Clearly, a 
fa in t CV will on average need to  d isplay a g rea te r H a  excess 
in  o rder to  be detec ted . T able 6 shows how th e  recovery ra te
14 A .R . W itham et al.
of H a  em itte rs  depends on th e  m agn itudes b ins used in  th e  
selection. I t  can  be seen th a t  for th e  O ff-Plane sam ple th e  
recovery ra te  ac tua lly  increases slightly  as we go to  fain ter 
b ins u n til we get to  th e  fa in test b in , w here it d rops to  40 
p e r cen t (b u t n o te  th a t  th e re  are only 5 sources in  th is bin). 
T he  In -P lane  sam ple also hovers a t a  near co n stan t 60 to
70 per cen t for th e  th ree  b rig h te r bins, and  for th is  sam ple 
th e  fa in test b in  contains no objects. We conclude th a t  com ­
pleteness for CVs in  IPH A S rem ains s teady  and  h igh up  to  
a t  least r '  ~  18.5. T he  sm all num bers of fa in ter C V s in our 
sam ples preven t us from  constrain ing  th e  d rop  in  com plete­
ness beyond th is  po in t m ore precisely.
5 .2  R e a so n s  for C V s  N o t  B e in g  S e le c te d  a s H a  
E m it te r s
T here  are several reasons th a t  can  preven t a CV from  being 
selected as an  H a  em itter:
(i) T he C V  is n o t located  significantly  above th e  m ain  
ste llar locus in  th e  colour-colour p lots. In  som e cases, th is  
m ay be  due to  w eakness or absence of an  H a  em ission line (as 
seen in  e ru p tin g  dw arf novae and  som e nova-like variables). 
F u rtherm ore , th e  equivalent w id th  of th e  H a  em ission line 
can  som etim es change significantly  du ring  th e  o rb ita l cycle, 
so som e C V s m ay have been  observed a t phases w here th e  
em ission is weak. F inally , a t fa in ter m agn itudes, th e  signal- 
to-noise m ay sim ply becom e insufficient to  separa te  a CV 
from  th e  m ain  ste llar locus.
(ii) T he  C V  is located  below th e  locus in  th e  colour-colour 
plots, th a t  is th e  C V  shows H a  absorp tion . T h is m ay again 
po in t tow ards an  e ru p tin g  dw arf nova or a nova-like variable.
(iii) T he  fitting  process failed, and  th e  C V  is n o t selected 
due  to  th e  resu lting  selection cu t being inapp rop ria te .
(iv) T he  C V  does n o t pass th e  in itia l selection cu ts  de­
fined in  section  4.1
In  th e  following sections, we look in  m ore d e ta il a t th e  
various C V  sub -types and  check if we can  u n d e rs tan d  why 
p a rticu la r C V s were no t recovered as em ission line objects.
5.2.1 D w arf N ovae
T he D N e are th e  m ost num erous class and  generally show 
som e of th e  largest H a  excesses. However, th ey  also show th e  
g rea test range in  H a  excesses, a lthough  th is  can  be a t least 
p a rtly  a ttr ib u te d  to  observing som e system s in  quiescence 
and  o thers  in  o u tb u rs t. R Z  LMi, C P  D ra, T T  Boo, N Y  Ser, 
and  TZ  P er are th e  D N e th a t  have been  observed in  o u t­
b u rs t. N one of th em  have been  de tec ted  as H a  em itters. O f 
th e  6 D N e rem aining th a t  were n o t selected as H a  em itters, 
IY  U M a has a large H a  excess b u t does n o t pass th e  in itia l 
selection cu ts, for th e  reasons given in  section  3 .1 , and  hence 
is n o t selected. C W  M on also has a  large H a  excess b u t is 
no t selected as described  in section  6.1. H V  V ir m isses our 
in itia l selection cu ts  and  hence is n o t selected, however its  
E W  shows th a t  H a  em ission is p resen t. T h is  leaves 3 system s 
w hich are no t recovered as H a  em itters: IR  Com, V W  CrB 
and  V550 Cyg. T hese system s pass our in itia l selection cu ts  
and  do n o t have a  field quality  flag associated  w ith  them . 
I t  is likely th a t  varia tions in  E W  due to  o rb ita l phase can  
account for th e  absence of observable H a  em ission in  these
system s, for exam ple IR  Com  is know n to  be  an  eclipsing 
system  and  th e  IPH A S m agn itudes are consisten t w ith  th is 
system  being observed in  eclipse.
T he  recovery ra te  for all th e  D Ne in quiescence is 81 
p e r c en t7 w hich is 9 p e r cen t h igher th a n  th e  recovery ra te  
for all th e  D N e including those in  o u tb u rs t.
5.2 .2  M agnetic C Vs
T here  are ra th e r  few m agnetic  system s in  our sam ples (in­
cluding only one in te rm ed ia te  po lar), b u t th e  m ajo rity  show 
a de tec tab le  H a  excess. T hose w hich do no t show em ission 
are  all A M  H er system s observed in  th e  low s ta te  (G G  Leo, 
ST  LM i, A R  U M a, and  M R  Ser). A reduc tion  in  H a  em ission 
line s tren g th  is a know n characteristic  of low s ta te  m agnetic 
CVs. I t  is possible th a t  th e  H a  em ission is no t strong  enough 
to  be de tec ted  above Zeem an abso rp tion  in these system s.
5 .2 .3  N ovae, R ecurren t N ovae and N ovalike Variables
M any of th e  b luest CVs of th is  class show a large H a  ex­
cess ind ica ting  th a t  th e  nova rem n an ts  are undergoing m ass 
transfer. However, th e re  is no sim ple link  betw een detec tion  
of H a  excess and  tim e  since erup tion . For exam ple, V  P er 
and  T  A ur e ru p ted  in  1891 and  1887, respectively, and  b o th  
have been  de tec ted  as em itters. Conversely, th e  tw o oldest 
nova rem n an ts  -  V841 O ph  (1848) and  U Leo (1855, though  
its  n a tu re  as a nova is no t certa in ) -  have no t been  detec ted  
as H a  excess objects.
T here  is one nova w ith  a very h igh  H a  excess th a t  did 
n o t pass th e  in itia l selection cu t. T h is  system  is V1425 Aql. 
Spectroscopic observations have show n strong  H a  em ission 
b o th  before and  after o u tb u rs t (K am ath  e t al. 1997), w hich 
is consisten t w ith  th e  large excess we observe.
5 .3  In -P la n e  v s  O ff-P la n e  C V s
G iven th a t  IPH A S is a galactic p lane  survey, b u t th a t  th e  
m ajo rity  of th e  CVs analyzed here are O ff-Plane sources, it 
is w orth  checking w hether crow ding and  ex tinc tion  affects 
th e  recovery ra te  in  galactic p lane  fields. W e have already 
provided separa te  recovery ra te s  for b o th  sam ples in  T a­
bles 3-6 , b u t in  Fig. 4 we now add itionally  p resen t a  visual 
com parison betw een th e  recovery s ta tis tic s  of In -P lan e  and 
O ff-P lane sam ples.
In  general, we find th a t  th e  recovery ra te s  of th e  two 
sam ples are sim ilar. T h is suggests th a t  crow ding and  ex­
tin c tio n  have a t m ost a  sm all effect on com pleteness. How­
ever, desp ite  th e  sim ilar recovery ra tes, th e re  is nevertheless 
a  clear difference in  d a ta  betw een galactic p lane  fields and 
non-galactic  p lane  fields. For exam ple, w hen th e  value of th e  
rm s sc a tte r  ab o u t th e  in itia l least square fits to  th e  stellar 
loci is com pared betw een In -P lane  and  O ff-P lane fields, th e  
s c a tte r  is clearly larger for th e  form er. T h is is m ainly  due 
to  different popu la tions seen a t different d istances th ro u g h  
varying ex tinc tion  in  galactic p lane  fields (though  probab ly
7 The CVs HS Vir and OU Vir have been excluded from this 
recovery rate calculation as the photom etry suggests they are in 
an intermediate state between quiescence and outburst.
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F ig u re  4. The magnitude distribution and period distribution of CVs showing those located within the galactic plane (upper plots) 
and outside of the plane (lower plots). The plots show the distribution of emitters in red overlaid on the to tal distribution of CVs. The 
orbital period gap is shown between the cyan lines.
also to  increased  pho tom etric  sc a tte r  due to  h igher crow d­
ing levels). O ur a-c lipp ing  fits to  th e  u p p er b o u n d ary  of th e  
m ain  ste llar locus help p a rtly  to  coun ter th is  effect. W ith ­
ou t th is  technique, th e  In -P lan e  recovery ra te s  w ould be 
reduced.
6 C O R R E L A T IO N S  B E T W E E N  P H Y S IC A L  
A N D  P H O T O M E T R IC  P R O P E R T I E S  
6 .1  O r b ita l P e r io d  v s  H a  E W
In  Fig. 5, we p lo t th e  H a  E W  -  estim ated  as described in  
Section 4.5 -  versus th e  o rb ita l period  for each CV. As ex­
plained  in  th e  in troduc tion , sho rt-period  CVs are expected  
to  show stronger H a  em ission, and  th is  is indeed confirm ed 
by th e  figure.
T he  colour codes and  p lo t sym bols are defined in  th e
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F ig u re  5. A plot of EW  versus the orbital period of CVs in the Off-Plane and In-Plane samples. The orbital period gap is shown 
between the cyan lines.
figure legend and  are used  to  d is tingu ish  betw een th e  CV 
types (sym bols) and  th e  em itte rs  (colours). A sm all do t in  
th e  cen tre  of each sym bol refers to  th e  d a ta  in  th e  CV flag 
and  CV T ype colum n of tab le  1. T he  do t is coloured m a­
g en ta  if th e  CV flag is no t equal to  zero (the  CV is no t in  
th e  cata logue or it  is of u n ce rta in  n a tu re ) or th e  C V  ty p e  
is of an  u n ce rta in  n a tu re . If  th e  C V  flag is zero and  th e  CV 
ty p e  is certa in , th e  d o t is black.
T he  sho rt-period  quiescent D Ne show th e  g rea test E W , 
and  th e  survey has no problem s in detec ting  th em  as em is­
sion line objects. In  fact th e  long-period nova V1425 Aql
shows th e  biggest E W  b u t it m isses ou r in itia l selection cu ts 
and  th e  E W  estim a te  is too  large to  be physical, hence it is 
n o t show n in  th e  figure. T here  are m ore sho rt-period  D N e 
th a n  long-period D N e in our sam ple, w hich is a  charac te ris­
tic  of th e  R itte r  & K olb cata logue as a w hole (and expected  
on  evo lu tionary  grounds).
As already  no ted  in  section  5.1.2, long-period system s 
have a  lower H a  excess, b u t th e  survey is still sensitive 
enough  to  d e tec t m any of th em  as em itters. As show n in 
Fig. 5 th e  b o u n d ary  betw een system s de tec ted  as em itte rs 
and  those u n d e tec ted  corresponds to  a H a  E W  of -  10A;
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th e  average excess for all system s is clearly above th is  value, 
irrespective of period . T hus m ost long-period  CVs do ex­
h ib it pho tom etrica lly  de tec tab le  H a  em ission, a lbe it a t a 
lower E W  level th a n  sho rt-period  system s.
T here  is one ob jec t in  Fig. 5 th a t  shows a large ap p a ren t 
H a  E W , b u t was n o t selected as an  em itter. T h is ob jec t is 
th e  long-period  dw arf nova C W  M on, w hich is located  in  a 
field of poo r d a ta  quality. In  fact, th is  field does no t m eet 
th e  IPH A S crite ria  for inclusion in  th e  final survey and  will 
be  re-observed. As a resu lt, th e  ste llar locus exh ib its a large 
sc a tte r  w hich places th e  cu t fu r th e r u p  in  th e  colour-colour 
p lo ts com pared to  fields w ith  good d a ta  quality . T he  C V  is 
sep a ra ted  from  th e  locus to  th e  ex ten t th a t ,  on our colour- 
colour p lo ts, it  appears above th e  graph ica l rep resen ta tions 
of th e  selection cu ts. However, it is no t selected due to  th e  
large uncerta in ties  of th e  m agnitudes. P a s t spectroscopic ob­
servations have revealed strong  B alm er em ission in  C W  M on 
(Szkody 1987).
6 .2  r '  — i ' v s  O r b ita l P e r io d
In  Fig. 6 we p lo t r '  — i ' colour against o rb ita l period . No ob­
vious corre la tion  is seen, b u t we n o te  th a t  th e  r '  — i '  colours 
of th e  CVs in  th is  p lo t sp an  a range of m ore th a n  1 m agni­
tude . B ased on th is , we believe th e  use of selection c rite ria  
based on th is  b ro ad -b an d  colour (such as a “blue c u t” ) would 
no t be  p ru d en t in  th e  construc tion  of a  new  CV sam ple from 
IPH A S. In  th is  con tex t, it is also w orth  keeping in  m ind  th a t  
th e  sam ple of know n CVs analyzed here  m ay already  suffer 
from  selection effects. I t  is therefore  im p o rtan t to  m inim ize 
th e  num ber of a priori selection c rite ria  w hen constructing  
new  sam ples th a t  are m ean t to  b e tte r  rep resen t th e  tru e  CV 
paren t popu lation .
6 .3  H a  E W  v s  A b s o lu te  M a g n itu d e
In  o rder to  te s t for a corre la tion  betw een in trinsic b rig h t­
ness and  E W , we ca lcu la ted  abso lu te  m agn itudes for CVs 
w ith  know n d istances in  ou r sam ple by assum ing a  galactic 
ex tinc tion  law of A v  =  1.5 m ag /k p c . In  doing so, we also 
assum ed an  R v  =  3.1 ex tinc tion  curve to  convert A v  to  A r / . 
Fig. 7 shows th e  re la tionsh ip  betw een th e  resu lting  absolute 
m agn itudes and  our estim a ted  E W s for various groupings.
In  th e  p lo t showing all system s, th ere  appears  to  be  a 
correlation , a lbe it w ith  large sca tte r . T he  existence of a  cor­
re la tion  becom es m ore ap p a ren t w hen we p lo t th e  ind iv idual 
C V  types separately. For th e  D N e and  th e  novae, in p a rtic ­
u lar, th e re  is a  defin ite tren d  for th e  H a  E W  to  increase 
tow ards larger ( th a t is fa in ter) abso lu te  m agnitudes. T he 
m agnetic  system s do no t show th is  tren d , w hich is reason­
able given th e  lack of accretion  discs in  th e  A M  H er system s.
O ur resu lts  agree qualita tive ly  w ith  th e  w ork of 
P a tte rso n  (1984), who has ca lcu la ted  a  fit to  th e  re la tion ­
ship betw een abso lu te  m agn itude  and  H ß  equivalent w idths. 
N ote, however, th a t  P a tte rso n  rem oved th e  co n trib u tio n  of 
th e  secondary  from  his abso lu te  m agn itude  estim ates and 
th u s  considered only th e  in trinsic  b righ tness of th e  accretion  
disc in  his correlation . W e have n o t m ade th is  correction , nor 
have we corrected  in any way for inclination . N evertheless, 
all of our resu lts  clearly confirm  th a t  sho rt-period , fa in t CVs 
(w hich are expected  to  rep resen t th e  m ost num erous CV
popu la tion ) exh ib it th e  strongest H a  em ission lines. T hus 
pho tom etric  em ission line surveys are indeed an  excellent 
resource for finding and  s tudy ing  th is  popu la tion .
7 D IS C U S S IO N
7.1  P r o s p e c ts  for C V  S e a r c h e s  B a se d  on  E m iss io n  
L in e  S u r v e y s
A key question  we w anted  to  address w ith  th is  s tu d y  was 
“can  surveys like IPH A S find m em bers of th e  p o stu la ted  
large po p u la tio n  of fain t, sho rt-period  C V s” ? T he  resu lts 
here  confirm  th a t  sho rt-period  C V s generally  exh ib it re la­
tively  large H a  excesses in  IPH A S, so if th e  hypothesized  
large po p u la tio n  of sho rt-period  CVs conform  to  th is  rule, 
th e  survey would have no problem  detec ting  them . M ore su r­
prisingly, we have also been  able to  recover long-period CVs 
as H a  em itte rs  w ith  a  com parab le  success ra te . T h u s we ac­
tu a lly  do n o t expect any add itiona l b ias from  th e  survey in  
favour of d e tec ting  e ither long- or sho rt-period  CVs.
T he  vast m ajo rity  of sho rt-period  system s are believed 
to  be DNe. However, due to  th e  low m ass accretion  ra te s  in  
these  system s, th e  o u tb u rs t d u ty  cycle is ex trem ely  low. For 
exam ple, th e  p ro to -ty p e  W Z Sge e ru p ts  on average every
30 yrs and  stays b righ t for only a  few m onths. In  th e  con­
te x t of an  em ission line survey for CVs, th is  m ay ac tua lly  be 
an  advantage. T he  resu lts  here show th a t  IPH A S is unable  
to  d e tec t m ost D N e in o u tb u rs t v ia  our selection m ethod , 
w hereas quiescent D N e te n d  to  show th e  g rea test H a  ex­
cesses. T h u s sho rt-period  D N e are ac tua lly  m ore likely to  
be  discovered by IPH A S if th ey  have long o u tb u rs t in te r­
vals.
I t  is in teresting  to  ask how m any fain t, sho rt-period  CVs 
IPH A S m ight eventually  discover. G iven th e  low accretion  
ra te s  and  very low m ass secondaries, it  is possible th a t  th e  
op tica l lum inosity  of these  system s will ac tua lly  be  dom i­
n a te d  by th e ir  W D  prim aries. A n  accre tion -heated  W D  in 
a  sho rt-period  system s w ould be  expected  to  have an  effec­
tive te m p e ra tu re  of T ef f  ~  10000 K (Townsley & B ildsten  
2003). IPH A S could see such an  ob jec t o u t to  275 pc, 
given its  lim iting  m agn itude  of r '  =  19.5. For an  assum ed 
C V  space density  of 5 x  10- 5 p c -3  (see discussion below), 
th e re  are roughly  — 0.1 sho rt-period  C V s per square degree 
b rig h te r th a n  r '  =  19.5 m ags near th e  galactic plane. Since 
IPH A S will im age 1800 square degrees, we w ould p red ict 
th a t  — 180 of these system s could be  de tec ted  w ith  IPH A S.
T h is p red ic tion  is conservative in  th e  sense th a t  no ac­
tive CV should  be  fa in ter th a n  th e  estim a te  used above -  
any ad m ix tu re  of b righ te r C V s will increase th e  to ta l num ­
b er considerably  (there  are in trinsically  fewer of these, b u t 
th ey  can  be  seen to  g rea te r d istances). T he  p red ic tion  does, 
o f course, scale d irectly  w ith  th e  assum ed space density. 
T he  num ber adop ted  above is based on theo re tica l p o p u ­
la tion  synthesis p red ictions (K olb 1993), and  is h igher th a n  
m ost existing  em pirical estim ates (P a tte rso n  1998; Gänsicke 
2005). T h is is no t a problem , as it  is precisely th is  d iscrep­
ancy betw een th eo ry  and  observation  th a t  an  IPH A S CV 
sam ple w ould be  designed to  test.
I t  has already  been  no ted  in  Section 5.1.4 th a t  a faint 
C V  will on average need to  d isplay a  g rea te r H a  excess th a n  
a  b righ t CV in o rder to  be detec ted . However, if th e  tren d
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F ig u re  6. A plot of r '  — i ' versus the orbital period of CVs in the Off-Plane and In-Plane samples. The orbital period gap is shown 
between the cyan lines.
tow ards larger E W s for short-period , fain t D Ne continues to  
hold for th is  popu la tion , th e n  th e re  m ay be  no problem  in 
d e tec ting  these system s even close to  th e  m agn itude  lim it of 
th e  survey.
C onsidering all of th e  above, it  seem s clear th a t  IPH A S 
(and  sim ilar surveys) does have th e  p o ten tia l to  te s t th eo ­
re tica l p o p u la tion  synthesis p redictions.
7 .2  Im p le m e n t in g  an  IP H A S -b a s e d  C V  S ea rch
In itia l follow-up to  th e  IPH A S survey has already  lead to  
m any  clear H a  em itte rs  being  spectroscopically  observed 
and  identified. A key problem  in construc ting  a new  sam ple 
of C V s in  th is  way is th e  presence of o th er large popu la tions 
of ob jec ts displaying H a  emission. Selecting ob jec ts for spec­
troscopic follow-up using th e  selection techniques illu s tra ted  
here  can  uncover m ost of th e  CVs, b u t th e  frac tion  of CVs 
am ongst ob jec ts selected in  th is  way m ay n o t be  large. O ur 
resu lts  to  d a te  suggest th a t  early  ty p e  em ission line s ta rs  
(for exam ple Be s ta rs) ten d  to  dom inate  b rig h t ( r ' — 18)
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sam ples of H a  excess objects. T h u s m any non-C V s need to  
be  observed in  th e  process of construc ting  a new  sam ple of 
CVs, unless th e  d is tr ib u tio n  of H a  excess ob jec ts changes 
significantly  tow ards fa in ter m agnitudes. We are cu rren tly  
investigating  th is  possibility.
8 C O N C L U S IO N S
W e have considered th e  p ropertie s  of know n C V s contained  
w ith in  th e  galactic p lane  H a  survey IPH A S as of Ju ly  2004,
along w ith  those  of a  sam ple of C V s ou tside  th e  galac­
tic  p lane observed w ith  th e  sam e observational se tup . We 
have developed rou tines to  select clear H a  em itte rs  from  
th e  IPH A S pho to m etry  and  used these  rou tines to  d e te r­
m ine th e  percen tage of CVs in  ou r sam ples th a t  w ould be 
recovered as H a  em itters.
We find th a t  th e  overall com pleteness of IPH A S-like 
surveys for d e tec ting  C V s as em ission line ob jec ts is ~  70 
p e r cen t, roughly independen t of C V  ty p e  and  o rb ita l p e ­
riod. O ur recovery fractions are s teady  near th is  value u p  to  
a t  least r '  ~  18.5 and  only d rop  tow ards th e  very fa in test
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m agn itudes we consider ( r ' =  19.5). T here  are 23 C V s in  
our sam ples no t recovered as H a  em itters. Six do no t pass 
our in itia l selection cu ts, and  2 are w ith o u t a  know n sub ­
type . Several are no t recovered due to  observing som e CVs 
w hen H a  em ission is expected  to  be  w eak or absen t, for ex­
am ple D Ne in o u tb u rs t, and  m agnetic  C V s in  a low sta te . 
T he  rem ainder of non-recovered C V s are due to  sca tte r  in  
fain t m agn itude  b ins and  cases w here th e  fitting  process did 
n o t p roduce good results.
We have estim a ted  H a  E W s from  our pho to m etry  and 
find th a t ,  as expected , sho rt-period  CVs show th e  strongest 
H a  em ission lines. T h is is encouraging for th e  p rospects of 
finding th e  p red ic ted  po p u la tio n  of fa in t, sho rt-period  CVs. 
However, we also find th a t  m ost long-period CVs exh ib it 
strong  enough H a  em ission for th em  to  be  easily detec ted  
by IPH A S-like surveys.
In  closing, we expect th a t  IPH A S (and re la ted  surveys) 
will allow us to  co n stru c t sam ples of C V s th a t  are free from 
m ost of th e  selection effects th a t  have p lagued  previous com ­
parisons betw een theo re tica l p o p u la tion  synthesis p red ic­
tions and  observations. In  particu la r, such sam ples should 
uncover th e  long-pred ic ted  large po p u la tio n  of fain t, sho rt- 
period  system s, if it  exists.
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